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I am very pleased to have this opportunity to tell you 275 ;
of NASA's Quality Program. I know that many of you are al-
ready involved with important NASA work. Others will become
involved as our space programs continue to gain breadth and
vigor in meeting the national challenge of space leadership.
This challenge was again expressed by President Kennedy upon
completion of his September tour of key NASA space facilities.
Speaking at Rice University on September 13, 1962, President
Kennedy said:
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"This generation does not intend to founder in the back-
wash of the coming age of space. We mean to be a part of it--
we mean to lead it.

For the eyes of the world now look into space--to the
moon and to planets beyond--and we have vowed that we shall
not see it governed by a hostile flag of conquest, but by a
banner of freedom and peace.

We have vowed that we shall not see space filled with
weapons of mass destruction, but with instruments of knowledge
and understanding. Yet the vows of this Nation can only be
fulfilled if we in this Nation are first, and therefore we
intend to be first."

I have a short motion picture clip which will give you
a condensed and very miniaturized picture of the space we
are Just beginning to explore. (showing of film clip.)

QUALITY & SPACE ACHIEVEMENT

NASA has scheduled a balanced, yet accelerated program
for the step-by-step accumulation of space knowledge and
associated technologies to meet this challenge and achieve
real and enduring superiority in space. Since we must
satisfy a difficult time schedule while efficiently using
our national resources, we must ask industry to build the
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highest quality and reliability into small quantities of
research type hardware. In fact, we require higher quality
hardware than industry is presently producing. Furthermore,
in addition to developing operational space systems, we ask
industry to provide adequate confidence in each article by
intensive and well defined quality programs.

REASONS FOR INTENSIVE QUALITY EFFORT

What are the practical reasons that greater quality
effort is required for space flight? Perhaps thru an under-
standing of these reasons you and I can motlvate ourselves
and our assoclates. (See figure 1).

First, the tremendous complexity and the nature of
space flight presently means very high unit costs. The cost
per launch of a Saturn C-1 vehicle, for example, is estimated
at 20-30 million dollars. Also, manned lunar exploration,
scheduled to occur within this decade, necessarlly involves
costs exceeding, by many times, those presently experienced
in simply placing man in an earth orbit.

Second, this very complexity and high cost means that
we must schedule a lower density of launchings than involved
in the development of any weapon system. Generally, only a
few launches of any given configuration can be scheduled.
Furthermore, space-operational use in the research sense,
must be contemplated early in the development life of a
launch vehicle or of a spacecraft. We cannot afford the
luxury of large numbers of experimental flights to provide
the traditional slow growth to reliability. *

Third, the combination of high cost and relatively few
launches of a given kind intensifies our need to avoid
failures. We have experienced, and are still experiencing,
avoldable failures. In view of our open policy on in-
formation concerning NASA space operations, I need not
comment on the serious impact of flight fallures upon our
national prestige.

. Fourth, manned space flight requires great care and
attenfion To a myriad of details. 1In sum, the space systems
involved in manned lunar exploration exceed in complexity
and number of development tasks any project hitherto under-
taken by this country. Manned space flight increases the
number of the technical factors which must be balanced and
resolved for mission success, while increasing our need for
agssurance of success.

v Fifth, manned exploration of space requires super rocket
engines ror tremendously large, multi-stage launch vehicles

- OASE FE Cory

e ——— - - T



of multimillion pounds thrust. High energy fuels are
necessary in large quantities, making avoidance of blow-up
at launch mandatory. For example, each two-stage Saturn C-1
requires almost 500 tons of fuel; the three stage advanced
Saturn C-5 involves more than five times as much. Further-
more, these and other launch vehicles under development are
powered in upper stages by liquid hydrogen, which operating
at about 100 degrees lower cryogenic temperature than liquid
oxygen. This fact poses very difficult fabrication and
quality problems, while increasing the safety problem.

Sixth, operational readiness at specific times is
needed for orbital operations and for lunar and inter-
planetary travel. Launch windows are restricted to very
short periods and success is possible only when there is an
optimum spatial relationship between the earth and the
heavenly bodies to which we wish to travel. Rendezvous in
orbit, a technique which offers great promise of accelerating
the exploration of space, requires not only launch readiness
at specific and limited times, but also great precilsion due
to the high veloclity of vehicles and spacecraft in orbit.

These then, are some of the compelling reasons that
necessitate dedication to and iron discipline in quality
effort by NASA installations and by industry.

QUALITY AND PROCUREMENT

Since about 90% of NASA's dollars are presently expended
in contract effort, NASA's rellability and quality assurance
policies are carefully integrated with each step of the pro-
curement process. It is NASA's policy to place its quality
and reliability requirements contractually and to provide for
a clear understanding of its requirements at all times. These
requirements contractually bind the prime to transmit pertinent
quality requirements to each of his subcontractors; and the
subs, in turn, to theilr suppliers.

Figure 2 shows the general sequence of reliability and
quality events from preliminary idea to contract award. The
establishment of requirements and the technical evaluation
of bids receives the attention of NASA in-house experts in
reliability and quality assurance. The Headquarters Office
of Reliability & Quality Assurance reviews procurement plans
for major space systems and participates in source evaluation
proceedings. Emphasis is placed upon planned programs and
upon the means of measuring conformance thereto.

Let us now consider the principal elements of the space
system contractor's quality program and the assoclated major
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actions to be taken oy him. (Figure 3). Note that the
quality program includes requirements which extend beyond
conventional quality control; also some elements are
considered by many to have a reliability "handle." NASA's
quality requirements start with the very concept of design
and development; also NASA wishes to initiate all necessary
and related quality actions without being denied full
accomplishment because of a stated position: "We don't
presently do that." Furthermore, NASA's reliability and
quality requirements are complementary, depending upon
recognition of requirements and planned actions, rather
than on arbitrary definitions of words or particular company
organizational divisions.

Figure 4 shows the principal elements of the space
system contractor's reliability program. These require-
ments are detailed in the work statement for each major
system procurement. The reliability program is then
negotiated, giving each bidder the opportunity to describe
his program and the methods to be used in demonstrating
achlevement of the specified reliability goals. NASA Head-
quarters is presently coordinating drafts of a reliability
program requirements document, which will complement the
recently issued NASA Quality Publications.

CONTRACT PROVISIONS

Basic, general quallty requirements are invoked con-
tractually by the NASA Quality Publications NPC 200-2 and
200-3, which are largely self-contained documents., Detailed
quality specifications and standards are elther cited in
the procurement, or are required to be generated by the
contractor as part of the research and development work.

Figure 5 shows the functional scope and kinds of space
hardware to which each publication applies. The extent of
NPC 200-2 requirements for the system contractor is more
comprehensive than is NPC 200-3 for the supplier of materials,
parts and components for end-use in space systems. Further-
more, NPC 200-3 was deliberately tailored to define minimum
quality system requirements considering that small business
shares our procurement dollar on both prime and subcontracts.

Both documents are intended to be applied, in whole or
in part, to prime and to subcontracts. Having two documents
not only provides for variations tailored to each procurement
situation, but permits a separate focus on the small articles
which arrive in the space system through subcontracts of the
system prime, and through direct purchases by NASA install-
ations. Many malfunctions and failures indicate there 1s not

.




enough attention pald to quality by either the parts supplier
or by the purchaser.

HIGHLIGHTS OF QUALITY PUBLICATIONS

Time does not permit review of all of the highlights
of the NASA Quality Publications. They require extremely
careful "understanding reading," not '"speed reading". Their
application involves engineering judgement coupled with
knowledge of design and mission intent. I will point out
only a few highlights.

Referring to figure 6, the system contractor is required
to define his quality program in a written plan and to provide
comprehensive documentation that will be reviewed by the con-
tractor's management, by the inspection agency and by the NASA
installation responsible for the quality of the research hard-
ware procured., The corresponding requirement in NPC 200-3 for
inspection systems also requires the supplier to prepare and
maintain a written inspection plan. However, submission to
the purchaser (who may be a NASA installation or a system prime)
is required only when specified. Generally this is determined
by the critical nature of the articles involved.

NPC 200-2 contains broad organizational requirements
(figure 7) within which the contractor assigns quality program
functions to competent lndividuals throughout the full scope
of his operations, not only to inspectors and quality control
personnel. In addition to assigning adequate responsibility
and organlzational freedom to effectively carry out the re=-
quired quality functions, 200-2 requires that the ability of
personnel to obJectively assess, document and report true
findings shall be maintained throughout the contract, un-
diminished by engineering changes, rework, or rescheduling.

Quality considerations for our complex space systems
necessitates documentation of design control requirements
and quality criteria thru all phases from development to end-
use (see figure 8). Precision in research hardware must be
matched by precision in documentation controls, including
review by quality program personnel. The subject of qualified
and preferred parts is presently treated only by individual
contracts for certain programs. However, work is in progress
to provide NASA-wide criteria, usage and mechanized data
distribution for high reliability parts for space applications.

Broad requirements for qualification testing are shown on
figure 9. These are supplemented by detailed requirements in
the contract work statement. Generally, the system contractor
is required to develop an integrated test plan to provide
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adequate confidence in the reliability of both experimental
and flight articles. The qualification status list 1s a
management tool for test declision-making and provides a
ready index to test results for design reviews.

The elements of contractor's quality responsibilities
for procured material shown on flgure 10 are detalled in
NPC 200-2, Less detailed but similar requirements are
contained in NPC 200-3. :

BREAK

While you take a stand-and-stretch break, you will hear
the sounds recorded inside the blockhouse as the first Saturn
nears the end of its perfect countdown and lifts off for a
perfect flight on its very first trial. (Saturn Launch Tape).

HIGHLIGHTS CONTINUED

Some of the controls over contractor fabricated articles
are shown on figures 11 and 12. Note that reference is made
to documented "conformance" criteria, not "acceptance"
criteria... which would mean government ownership. Measure-
ment of conformance must occur at every step of the develop-
ment, fabrication and shipment process, whereas acceptance
occurs only once -- when flight articles are completely
assembled and checked out. We are also encouraging the
development of pride in the work an individual performs by
requiring that inspection and fabrication operations be
traceable to the individual responsible. Furthermore, _
personnel are required to qualify by training and certificatilon.
Some additional fabrication controls are shown on flgure 13.
These include traceability of identification on articles or
records to relate inspection and test results with' the
particular articles forming a given space system. Age control
involves recording variables data to ensure that articles
provided will have adequate useful life after beginning a
mission and despite prior tests and exercise. The control
of cleanliness not only contributes directly to the quality
of precision articles, but also has a beneficlal psychological
effect on personnel involved.

Process contruls are highlighted in figure 1l4. Regarding
certification of personnel, we certify operators at prime
contractor's plants and are expecting the prime to be qualified
to certify subcontractor's personnel. We are moving toward
NASA training of contractor's personnel as certifiers, re-
talning the right to verify personnel proficiency.: Process
controls include documented procedures, including preparation
and fabrication detalls. Process environments invélve means
of»their maintenance and measurement.
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Much importance is placed upon end-item or system tests,
some highlights of 200-2 requirements being shown on figure 15.
Altho we require a test plan for NASA approval, including para-
meters and tolerances, any unusual phenomena, difficulty, or
questionable condition, should be reported. End-item tests
are conducted at the plant and at test sites, such as static
test towers for complete vehicle stages. The requirement to
simulate end-use to the highest practical degree without
damage means these are expensive tests. Accordingly, they
must be carefully planned and controlled to be meaningful and
permit valid conclusions, such as flight-worthiness. Here
again, documentation is important to know the exact config-
uration under test as well to record test results. Both are
subjects for mechanized data processing.

Figure 16 highlights corrective action, which includes
preventive action on the basic causes. Significant is the
requirement to take action on all malfunctions and troubles,
discovered by any inspection or test operation at plant,
test sites, launch sites and flight operations. Several
systems contractors integrate reporting and procedures for
materials review board and corrective action. In both cases,
data reporting, analysis, and completed action are necessary.
200-2 contains detailed requirements for the elements shown
on figure 16. Innovation and creativity in streamlining
corrective action and providing time preventive action will
pay large dividends in quality hardware.

CONCLUSION

Thru the contractual documents and procedures Jjust
described, NASA expects to obtaln reliable flight hardware
in fact, not on paper. And we expect this Job to be done
well, on time, and within cost budgets. This requires
enthusiasm and understanding of the importance of quality by
top management and by every member of the industry team.

In closing, I hope that my remarks on NASA's quality
requirements have indeed helped your understanding and that
from understanding will come effective, problem-solving
action by all who are directly or indirectly participating
in . NASA's space programs. Such action will help provide
timely development of operational space systems and adequate
confidence of mission success and flight safety.
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